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1 Getting Started

1.1 About ImageJ*

ImageJ is gpublic danain Jaxaimage processig progran ingired byNIH Image for the Madntosh. It
runs, eiber asan aline gplet or as a dowlvaddle goplication, on ary computer with a &va 1.1 o later
virtual machne.

It can displayedit, analge, process, saxand print 8-bit, 16-bitand 32-bit images. It can read many image
formats including TIFFGIF, JPEG, BMP, DIOM, FITSand “raw”. Itsupports “stacks”, a s@es d
images that share a single winad

It is multithreaded, stme-consming erations suctas imag file reading carbe performed imparallel
with otheroperations.

It can catulatearea and pixel valuaatistics of usr-defned seletions. It @n measure distances and an-
gles. It ca crede densiy histograms and line profile plbots. It suports staadard ima@ processing func-
tions such asantrag manipulation, shapening, snoothing, edge dedion and median fitering.

It does geometric ansbrmations such as scaly, rotation and flips. Image cabe zoomed up to 32:1 and
down b 1:32. All aralysis ad pracessig funcions areavaikble at any megnification factor. The program
suppots any nurrber of windows (imageg simutaneously, limited oni/ by availble merrory.

Spatal calbration is avadble to provide real arld dimensbnal measurements in units such as millime-
ters. Dasity or gray s@le @ibration is alscavaikble.

ImageJ was designed with apen architecture that povides extashility via Javaplugins. Custonacqui-
sition, aralysis ad pracessinglugins @n be devebped using Imaged built in editor and Java ompiler.
User-written plugins make [tossible to solvelmog any image proessingor analysis problem.

ImageJ is being dewvagbed using MeowerksCodeWarior, and the sourcgode is frely available.The
author, Wayne Rashand (wayne@odon.nih.gov), is d the Regarch Senvtes Braich, National Insitute of
Mental Health, Bethesda, Méand, USA.

1.2 About this Tutorial

This tutorial is an ntroductian to writing plugns for ImageJ It explains the cancept of plugins in ImageJ,
starting with the sample plugins that are part eflthagd distribution, and coversthose parts of the
ImageJ APlthat ae essatia for writing plugins. A gference ofthe mog important clasgs, mehods and
condants is povided and somadvanced topics are discussed.

1 Descrigion teken fromhttp://rsb.info.nih.gov/ij/docs/intro.html
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A basic lnowledg ofthe &vaproganming languaye is required. Resouces fa Java leginners ca be
found in section 10.4). You shouldsaltryto get familiar wih Imagedefore youstartwriting plugins.

For the development gilugins you need Imageard aJava campiler. You can write you plugins using
ImageJ'shuilt-in edita or any other &xt edior or Jawa IDE (Integraed Devebpment Environmert). You
cancompile them using a &a mmpiler of your choiceor inside InageJ.

1.3 Setting up your Environment

For running InageJyou need a the laged @ss and anfiguration files, a &va Runtime Environment
(JRB and — for canpiling yourown plugins — a Javcompiler with the required librarieas forexanple
included in the Jav2 SDK Standard Editio@2%) from Sun Micosysems. Dependingon the ImageJ
distribution youare using, somer all of this maybe included.

1.3.1 Installing ImageJ

The laest distribdion of ImageJcan be dowloaded from
http://rsb.info.nih.gov/ij/download.html

In the following the installation of ImageJ wille decribed for differenbperating systems. More detailed
and upto-date nstallation instrudions ca be found at

http://rsb.info.nih.gov/ij/docs/install

If you already have a RE (and a d&va ompiler) instled on your computer and yoarefamiliar with Jaa,
you just ned to dowload tre ImageJ chss and @nfiguration files whichare avaitble as ZIP ahive. To
run ImageJ, add . j a r to your claspath and exeute class$j. | mage J. Thisworks al® for all opeat-
ing systems for which there is no specific distribatbut for which a &va rurtime environment is avail-

able.

Windows

The Windows version is avalile as self-extraatig ZIP archive which includes a JaRuntime Environ-
mert (JRE) and a dva ompiler. To install it, run he self-extractig file youhawe downbaded. Inthe
destination directory you willfid an Imagesghortcut.Double-click this i to run ImageJ.

Note The"Imagel" shortcut assumes thimageJ folde is C:\Image]. If this is not thease, rigt-click
on the stortcutand edit he "Targd:" and "Sart in" fields of the'Shortcut' propertiesto reflect the rew
location. For examg|, if the ImagJ folde is locatedn the C:\Progam Files folder, changthese fields to

"“C:\Program files\ImageJ\jrelbin\jrew.exe" -mx80m -cp
ij.jar;toolsll.jar ij.Imagel

and
C:\Program Files\ImagelJ

MacOS

To run ImageJd on MacOS you ed the MacOS Rutime for Java(MRJ). It can be dowiloaded from
http://www.apple.com/javalnstalldion instrudions ca be foundon the dovnload ege.

The ImagJ distributn is a sif-extracting aichive (If it doesnot expand auomatically after downloading,
use Stufflt Expnder). Double-click the Imagelicon in thenewly cregted folder to run it.

Mac OS X

Download thetar . g z file and double-click it to expand. Dble-click the ImageJ ical run ImageJ.
Note: There are still performanpeoblems wih the Mac OS X Jaruntime environment.
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Linux x86
Download the Lhux x86t ar . g z file, which contains IBM'’s Jaa Runtime Envilonment, and extactit
using e.g.
tar xvzf ijl23-x86.tar.gz
and exeute therun script in the ImageJ directory.

1.3.2 Installing the Java Compiler

Installing a dva cmpiler is only necessy if it is not included in the ImageJ didbttion orprovided by
the operating sym. h any @se, als if you are umg an operating systen which is nd mertioned here
but for which a Java compiler is ailable, you can @sanyJawa compiler of your choiceto compik your
plugins (e.g. J2SE SDKifm Sun Micosystems, domloadable abttp://www.javasoft.conj.

Details oncompiling plugins ca be found in section 3.6.

Windows

The ImageJ distributbn for Windows ircludes a Javconpiler which allows you to @mpile plugins flom
inside ImageJ.

MacOS

In addition to the MRJ you need the MRJ SDK. L can be downlbaded fom
http://developer.apple.com/jav.aRun he instdler youhawe downbaded. Aferthe nstallation
it is possibé tocompileplugins inside ImageJ.

Linux

The ImagJ distributdn for Linux includes a Jacompiler which allows you to compd plugins from
inside ImageJ.

1.4 Updating ImageJ

You can update ImageJ by replagihe ImageJ AR file (i j . j a r ). The latest versh is awailable at
http://rsh.info.nih.gov/ijlupgrade/index.htmlJust replace youwxisting ij.jar file wih
theone you dowlaoded. Théj.jar file can be found directly in yw ImageJdlder. Under Mac OS X,
itcan be bundinimageJ.app/Contents/Resources/JawherelmagelJ.ap pis the directoy
tha Finde displays ashe Imagel application.

Note The ImaeJ JAR file also ontains theconfiguration filel JProps. txt. If you want to ave your
settings, extract the file from your ald. j ar and eplace t in the newone You @n edit AR files with
most ZIP utilities (e.g. WiZip).
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2 ImageJ Class Structure

This is an ovendw ofthe class struare of imageJ.It is by far notcompletejust the most important for
plugin pogramming ae listed ad briefly descibed. Deailed descptionsof classesnd mehods carbe
found in the chapers 3 hrough®.

I
ImageJApplet

ImageJ en be run as aplet or as ajplication. This is he gpletclass of Inaged.
The advatage of ruinning ImageJ as pplet is hat it can be run(remotely) inside a
browser, the biggest disadvatiages is tle limited access to files on disk becao$e
the &vaapplet seurity concept.

ImagelJ

The man classof the ImageJ gplication. This class conias the run m¢hod
which is theprogran’s man ertry point and tie ImageJ nan window.

Executer

A class for exeuting menu comnands insegarate threads (wihout blocking the
rest ofthe piogram).

Converter

Implements a rethod forconvenently converting an ImagePlus fran ore typeto
arother (®e setion 5.8)

IJ
A class contaimig many utility méhods (discussed in section 5).
ImagePlus

The represatation of an imag in ImageJ, wich is based on an ImaBiocessr
(see selion 4).

ImageStack
An ImageStak is an epandable arrayof images (see section 4).
WindowManager
This class manages thst of open whdows.
ij.gui
ProgressBar

A bar in the ImageJ man window that informs gaphicaly aboutthe pragress 6 a
running goeration.

GenericDialog

A modal dialoghat an be cusomized and called on the flye.g. for getting user
input before running a plugin(see secton 6).

Newlmage
A class for ceding a nav image ofa cetain type from scetch.
Roi

A class repesaiting a regdn of interest o an image If suppored by a pgugin, it
canprocess just the ROl and ribe whole inage.
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ImageCanvas

A canvas derived frofava.awt. Canvasonwhich an image is panted (see
section 6.5)

ImageWindow

A frame derived fronmjava.awt.Fram etha displys an mage (se secton 6.4).
StackWindow

An ImageWindow designed for digging stacks @e section 6.6).
HistogramWindow

An ImageWindow designed for displag histogramgsee setion 6.6).
PlotWindow

An ImageWindow designed for digging plots (see stion 6.6).

This paclage ontains classesf reading/deoding and writhg/encoding inage
files.

ij.measure
Contains chsses for masurenants.
ij.plugin
Most ImagJ me&u canmands aremplemented asplugins ad can therdfore be
found in the classes of . plugin and it's subpackages.
Plugln

This interface hes tobe inplemented byplugins, hat do rot require an image as
input (see setion 3).

ij.plugin.filter
PluglnFilter

This interface hes tobe inplemented byplugins, ha requirean imageas
input (see setion 3).

ij.plugin.frame
PluginFrame
A window class tlat can be sulolassed by plugh (see setton 3.
ij.process
ImageConverter

A class tlat cantains mehods for ©nverting images fom e image ype to an-
other.

ImageProcessor

An abstract superclass of image pssu#s for certain image types. An image
processomprovides nethods foradually warking on the image (seechaper 4).

StackConverter

A class for onverting saicks fom one image ype to arother.
StackProcessor

A class forprocessing imageacks.
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ij.text
This paclage ontains classesof displayingand edithg tex.
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3 The Plugln Concept of ImageJ

The fundions povided by InageJ's ranu ommands(mostof themare h fad plugins themselgs) @n

be extendedby user plugis. Theselugins ae Jaaclasses irplemerting the recessaryinterfaceshat ae
placed in a ertain folder. Plugins an be writen with ImageJ’s buttin plugin edibr (accessibé via he
menus Plugins/New... and /Edit...) tivatext editorof your choice or thegan be generated using Im-
ageJ’s plugi recorder. h any case plugs can be&eompiled and run inside Imag. Plugins found by Im-
ageJ are pked inthe Plugins meu or(since version 1.20) in submenus of it.

3.1 Types of Plugins

There ae besically two typesof plugins:those that do rot requirean image as inpt (implemerting the
interface P 1 u gl n) and plugn filters, that require anmage as iput (imdementing the interfaceP lugin -
Filter).

3.2 Interfaces

Plugin

This interface hagist ore mehod:
void run(java.lang.String arg)

This method runs he plugin, whatyou imdemert here is what the plugin actually does.ar g is a string
passed asreargunent to the plugin, and italso ke an empty stringYou n install plugins more than
once, so each dfiem will callthe sameplugin clss with a differersirgument.

PluginFilter

This interfaee alsohas anettod
void run(lmageProcessor ip)

This method runs he plugin, whatyou imdement hereis what the plugin actually does. Itakes he image
processortiworks e asan agument. The piocessr can be modified directlyor anew pocessorand a
new image @n be tesed m its dag, so that the original imagis left unchangd. The orignal image is
locked whik the plugn is runnng. In ontrad to the P lu g I n interfacethe run nethod doesottake a
string argument — the angientcanbe pased usig

int setup(java.lang.String arg, ImagePlus imp)

This method sets upe plugin filter for use. Ther g string has the same fuien as inthe run méhod
ofthe Plugln interface. You donot have o care for the argunent im p — this is handid by ImageJand
thecurrertly activeimage is passedhes e t u p mehod raurnsa flag word that represerts the filter's
capabilties (i.e. whth types of images tanhandle). The followng capability flags are defed in
PluglinFilter:

static int DOES_16

The plugin fiter handles 16 bit grys@le inages.
static int DOES_32

The plugin fiter handles 32 bit fbating point graysale images.
static int DOES_8C

The plugin fiter handles 8 bit olor images.
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static int DOES_8G

The plugin fiter handles 8 bit gaysale images.
static int DOES_ALL

The plugin fiter handles all tpesof images.
static int DOES_RGB

The plugin fiter handles RGB inages.
static int DOES_STACKS

The plugin fiter supports stacks, Imadwill call it for each slice in atack.
static int DONE

If thes e tup method returnDONE the run method will ndbe called.
static int NO_CHANGES

The plugin fiter does notlange thepixel data.
static int NO_IMAGE_REQUIRED

The plugin fiter does not requiran image to be ope
static int NO_UNDO

The plugin filter does not require umd
static int ROI_REQUIRED

The plugin fiter requires a regin of interes (ROI).
Static int STACK_REQUIRED

The plugin filter requires a stack.
static int SUPPORTS_MASKING

Plugin filtersalways work on théounding retangleof the ROI. If this flag is set
and there is a non-rectangular R@hageJwill restorethe pixels that areniside
the bounding restanglebut ouside the ROI.

3.3 Plugins Folder — Installing Plugins

ImageJ useplugins have to bcated in a folder catip | u gins which isa subfoldeiof the ImageJ
folder. Bu only class files intie plugns folder wth at least me undrscae intheir nane appear auto-
matically in the plughs menu. Since ersion 1.20t is also possibléo create subfolas of the plugins
folder and plae plugh files thee. The suldfldersare displayed as submerafdmageJ’s plugis menu.

To installa plugin(e.g.one you lave from the Imagel pluginspage copythe. c | a s s file into the plugins
folder orone of its subfoldershe plugin willappear in th@luginmenu (or one of its submenus) the
nexttime you stat ImageJ. Ybu can add it © a menu and assign ahertcutto using the “Plugins/ Short-
cut/ Installplugin...”menu. h this casethe plugin will appear in the menu withbuestartng ImageJ.

Alternatively, if you have the soge wde ofa plugn, you can compile and run it form thin ImageJ.
More a&outcompiling and runing plugins en be found in setion 3.6.

Since InageJ 1.24qu can speify the plugins diretory using the lugins.dir propety, e.g. inder
Linux using

djrelbin/jre -mx80m -cp ij.jar:tools.jar -Dplugins.dir=/home/wayne
ij.Imageld
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3.4 A Sample Plugin (Example)

If you look into theplu gins folder right after inwlling ImageJ you will find the sample ggjins that
come with ImagJ. In this section will take acloser bok at oneof them.

Inverter _ isa pluginhbat inverts 8 bit gaysale mages.

Here we importthe neessanpackags,ij . * for the basic ImagJ chssesjj.process.* forimag
processor@and he interfaceij. plugin.filter.PluglinFilter isthe interhce ve haw to imple-
ment fora plugin fiter.

import ij.*;
import ij.plugin.filter.PluglinFilter;
import ij.process.*;

import java.awt.*;
NOTE: Donot use @ ackagestatement insidplugin classes — thdyawe to be n the defaultpackagée

Our plugin has the necessary undersegpended. It neds an imageasinpu, so ithas to implement
PluglinFilter:

public class Inverter_ implements PluginFilter {

Wha comes nat is the method for settingup the plugin. For the ease that we ge “about” as agument,
we call themethodshowAbout that displays an alout diabg. In hat cag we réaurnDONE becauseve
do nd want the run method to be cadd. In anyother cas we return theapability fags for thigplugin:
It works m 8 bit glays@le imagesalso o stacks ad in the cas thatthere is a ROI defined he plugin
will just work on the mastd region (regiownf interest,ROI).

public int setup(String arg, ImagePlus imp) {
if (arg.equals("about"))
{showAbout(); return DONE;}
return DOES_8G+DOES_STACKS+SUPPORTS_MASKING;

}

Therun method implements the actual furction of the dugin. We get te processo of the original im-
age.Then we ¢t the image a anarray of pixels from the processor — as it is a 8tlgrayscak imag (= 256
possibk values) w can use &y te aray. Note that the pixd array is ore-dimersiond, containing ore
scan Ihe aferthe oter.Then we read the widh of the image (beause weneed to know the fegth ofa
scan Ine)and he bounding redangle of the ROI.

public void run(lmageProcessor ip) {
byte[] pixels = (byte[])ip.getPixels();
int width = ip.getWidth();
Rectangle r = ip.getRoi();
We row declae two variables toavoid catulating the position in the e dimensional image arrg evey
time. Inthe ouer loop we go from the first line of the RA to its last lire. Wecalcuktethe offset (= posi-
tion of the firg pixel of the curent scan linpand goin the nner loop fromthe keft mostpixel of the ROI
to its right most pixel. Wassign the current positionitoand nvertthe pixel vaue by subtractig it's
value from 255.
int offset, i:
for (int y=r.y; y<(r.y+r.height); y++) {
offset = y*width;
for (int x=r.x; x<(r.x+r.width); x++) {
i = offset + Xx;
pixels[i] = (byte)(255-pixels[i]);
}
}
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showAboutuses the staticehodshowMessagefrom class J to display a text in a meagebox. The
first parameter speifies its tile, the seond the mesage tat.
void showAbout() {
IJ.showMessage("About Inverter_...",
"This sample plugin filter inverts 8-bit images. Look\in" +
"at the 'Inverter_.java' source file to see how easy it is\n" +
"“in ImageJ to process non-rectangular ROIls, to process\in" +
"all the slices in a stack, and to display an About box."

)
}

3.5 Recording Plugins

If your plugin’s function can be done as a sequarfdmage mau commands,you do not have to write
your plugh, you can simly record it. Plugins/Reaal... opens a widowand records yousctions (menu
commands, regims of inerest, @c.) as long as théRewrd” checkbox is diecked. The psudocodef this
operatons will be displayed in the wilow. The “Create Plugin” button generates a Jawasslfrom this
pseudocode using the utility methods frolass IXdiscussed in seain 5). Theplugin clss will be
opened inthe built ineditor form where youcan alsacompileand run it.You may wantto take such a
generated plugin code adasisfor writing more complex plugs.

3.6 Compiling and Running Plugins

Now that we have load at onef the samfe plugins we vent to compié and runti

If the Java runtime envionment you are usingricludes adva compiler (e.g. asn the ImagJ distributbn
for Windows)or youroperatng sysem provides he Jva compiler you an compile ard run plugns inside
ImageJ. There are badlg two ways:

Using the menu Plugs/Conpile and run...which opens a file dialog which lets you selecfav a
file which will be compied into aclass file and eecuted as plugin.

Using File/Compié and run ...n the buit-in plugin editor whch will compileand runthe code n the
editor wndow.

If your plugin requires other librarighan ImageJ an the sardard Jaralibraries, ya have © maodify the
classpath of your Jaeenvironmentn order to have thesebliariesavailable whercompiling and running
plugins. Hee is tow to modify the claspath
Windows:Edit the clhsspmthoption in the "Target:" field of the of the "Shortcut' properties of the Im-
ageJ sbrtcut. The eriries aresef@ratad by semiolons. For exampl, to usenylib.jar, change th
"Targd" line to
C:\ImageJ\jre\bin\jrew.exe -mx80m -classpath ij.jar;toolsll.jarylib.jar
ij.ImagelJ
Mac OS X: To make more than 80M8f memoryavailabé to ImagJ, editthe lasspathproperyin
theimagel.app/Contents/Resoees/MRJApp.propertiedextfile, whereimagel.appis
the directory (bundle) thatthe Finder displgs as lhe ImageJapplication.
Linux, Unix, other G& You can nodify the clhsspathby using the c p switch bllowed bythe libraries
to be used. For exmple, touseny lib.jar, call the JVM using:
jrelbin/jre —-mx80m -cp ij.jar:tools.jarmylib.jar ij.ImagelJ
If you want to use his settng all he time, neke the modifiation in the run scipt.
If your Java envionment doesnot contain a Jaxcompiler you @n compileplugins on the ammand Inhe
(or usinga bach file or shell scipt respetively) under Windows, Linux and Mac OS X. The syntax for
calling theJava compileis

javac -cp ij.jar;tools.jar .\plugins\MyPlugin_.java under Windowand
javac -cp ij.jar:tools.jar ./plugins/MyPlugin_.java underLinux.
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3.7 Integrating Pluglns into the ImageJ GUI

Like commands plugins can be accessedhotskeys You can create a nevinot-key bysekecting "Create
Shortut” from the menu "Plugns / Shortcts”.

When we discussed the plugin ifiéees we tked atwut argumersthat @an be mssed tplugins. In-
stallinga plugin using the menu comn@“Plugins / Shdcuts / Install Pluimp ...” placeghe plugh into a
selected menwassigns &ot-keyand passes an argument.

Plugins / Shortcuts / Remwe ... emoves a plugn from the menu.
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4 Image Representation in ImageJ

When we looked at the samgieigin in the previous secthn we saw that inages & represeted by Im-
agePlus and ImageProcessor objectmagel. In this sectin we take a abser bok at the vay imagesare
handled by InageJ. Méhods that ae ot discussed inhie ext but areof same inportance br writing
plugins can be faud in the reérence n sedion 4.11.

4.1 Types of Images

Images are lagarrays of pixel dues. Buti is impatart to know how the® pixd values sbuld be irer-
preted. This is spec#d by the type dathe image. ImagJ knows five image types:

8 bit grayscale image: can display 258ygcalesa pixel is repreznted byab y t e

8 bit color image: can display 256lars that are specified in a logitable (LUT), a pixel is repre-
sened by abyte

16 bit grayscale image: can display 65.536/gcales, pixel is represnted bya short
RGB color image: can display 256 values ggannel, a pixel is represented byiant
32 bit image: floating point grayscak imag, apixel is repesented by afloat

4.2 Images

An ImagePlus is anlgect that represats an image.lt is based on an Ima@raesso, a chss tlat holds
the pixel aray and doeshe atual workon the image. The type of the lageRocessor used depends on
thetype ofthe image. The inagetypes are epreseanted by consents in ImagePlus:

COLOR_256

A 8 bit color image with a bok-up tble.
COLOR_RGB

A RGB color image.
GRAY16

A 16 bit gra/scak imagp.
GRAY32

A 32 bit floating point graysale mage.
GRAY8

A 8 bit grayscak imagp.

ImageJ disglys images using aass cattd Imag®Vindow. It handles repaintingooming, changig masks
etc.

To construd an InmagéPlus use onef the following mnstuctors:
ImagePlus()
Defaul construdor, cregtes a n&v enpty ImagePlus and doesoninitialization.
ImagePlus(java.lang.String urlString)
Construds a nev ImagePlus, loadig the Imag from the URL specified.
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ImagePlus(java.lang.String title, java.awt.Image img)

Construds a n&v ImagePlus basedn a 3va AWT image.The firstargumat is
thetitle of the ImageWndow that displgs the imagp.

ImagePlus(java.lang.String title, ImageProcessor ip)

Construds a nev ImagePlus tlat useshe specified ImagePocessor.Thefirst ar-
gument is the titlef the ImageWhadow that displays the image.

ImagePlus(java.lang.String title, ImageStack stack)

Construds a n&v ImagePlus froman Image$ack. The firstargumat is the title of
the ImagaVindow that displas the image.

The type d an magePlus carbe rtrieved using
int getType()

Similar mehods exist fo geting the image dimensdn, thetitle (= name of the ImageWndow that dis-
plays his image) the AWT image that represents the ImagePlus iad the file information:

int getHeight()

int getWidth()
java.lang.String getTitle()
java.awt.Image getimage()
ij.io.Filelnfo getFilelnfo()

The AWT image the ImagPlus is basedn and the title can be set using

void setimage(java.awt.Image img)
void setTitle(java.lang.String title)

An ImagePlus ca hes a list ofadditioral properties that canbe defned ly the user. Thy are hdexed
using a string rd can be any type of object. These poperties can beread ad set usinghe mehods:

java.util.Properties getProperties()
Retuns this images Prgertties.

java.lang.Object getProperty(java.lang.String key)
Retuns the poperty associated with e

void setProperty(java.lang.String key, java.lang.Object value)
Adds a key-value pair to this imagemoperties.

4.3 Processors

Ead image is basd on an image pocessorThe type of the processor dpends orthe type of the image.
You can g and séthe image piocessor usinghiesetwo methods of an nagePlus:

ImageProcessor getProcessor()
Retuns a réerence tothe current InageProcessor.

void setProcessor(java.lang.String title, ImageProcessor ip)
Sets the imag processr to the one specified.

When workng with plugn filters you do nbhawe to care atout rerieving the processor fomthe I'm -
agePlus itis passed as amuent to ther un method.

ImageProcessoris an abstraatlass. Dependingn thetype of the image we use a subclass of Image-
ProessorThere ae five of them:
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ByteProcessor

Used for 8 bit grys@le and calr images. It has a sulask cakd BinaryProc-
essor for grayscale images that containel values 0 and 255.

ShortProcessor

Used for 16 bit graysde images.
ColorProcessor

Used for 32 bit iteger images (RGB with 8 bit/channdl).
FloatProcessor

Used for 32 bit flating point images.

4.4 Accessing Pixel Values
To work with the image we need access to itelp. We know how to getthe images Imag®rocessor.
Retievingthe pixel \dues ca be dneby usingan ImagePocessor's

java.lang.Object getPixels()

metod. It réurnsa refeene o this images pixel array. As thetype of tis aray depend®n the mage
type we reed b cas thisarray to the gpropriate type when we ge it.

int[] pixels = (int[]) myProcessor.getPixels();
This exanple would work foranRGB image. As youhave noticedve ge back aone-dimen®nal arraylt
cortains he image sanline ty scailine. To @nvet aposition in this array to a (xy) coordinge in an im-
age, weneed ateast he width of a scaline. The widh andheigh of an ImageRocessor en be iErieved
using thes mehods:

int getHeight()
int getWidth()

Now wehawe evelthing to iterate througthe pixel array. As you have seen ingtsample pluginthis can
be done using two nested loops.

Some eses red a bimore explanaion: Readingpixels fomByteProcessofShortProcessorand
fromColorProcessor

Java'shyte daa typeissigredand has valkes ranging from — 128 tt27, while we would expect a 8 bit
grayscale image to have valdesm 0 to 255. If we cast &y te variable toarother ype we hae to
make sure that the sidpit is eliminaed. Ths can be done usig a bnary AND:

int pix = 0xff & pixels[i];

pixels[i] = (byte) pix:
It's the sme wih Java‘'ss h o rt data type, which is alsigred andhas values ranging from - 32768 to
32767, while we would expect a 16 bit grayscale intade\e values from 0 to 65535. If we casthort
varieble to another type we lave to make surehatthe signbit is eliminated.This can be done using a
binary AND:

int pix = pixels[i] & Oxffff;

pixels[i] = (short) pix;
ColorProcessors retarthe pixel array asan int[] . The values othe thee olor conponents are
pacled into onei n t. They @n be acessed aflows:

int red = (int)(pixels[i] & 0xff0000)>>16;

int green = (int)(pixels[i] & 0x00ff00)>>8;
int blue = (int)(pixels[i] & 0x0000ff);
pixels[i] = ((red & O0xff) << 16) + ((green & Oxff) << 8) + (blue & 0xff);
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The pixelarray you verk on is justa refrenceto the ImageRocessor’s pixel amy. S any nodifications
effed the ImagePocessor imnediately. Hower, if you want the InagePocessor to use anothéperhaps
newly created)array, you can do this using

void setPixels(java.lang.Object pixels)

You do rot always haveto retrieve or seé the wiole pixel aray. ImagePraesso offers sone other meth-
ods for retrieving or settg pixel \dues:

int getPixel(int x, int y)
Retuns the valuef the specified pid.
void putPixel(int x, int y, int value)
Sets the pixel at () to the speciéd value.
float getPixelValue(int x, int y)
Retuns the valuef the specified pig.
void getColumn(int x, int y, int[] data, int length)
Retuns the pixels downthe @lumn stating at (x,y).
void putColumn(int x, int y, int[] data, int length)
Inserts thepixels contaied ind a t a into a colum starting at (x, ).
void getRow(int x, int y, int[] data, int length)
Retuns the pixels alang the horizontal line sarting & ().
void putRow(int x, int y, int[] data, int length)
Inserts thepixels contaied ind a t a into a haizontal line garting at (xy).
double[] getLine(int x1, int yl1, int x2, int y2)
Retuns the pixels alang the line (x1y1)/(x2,y2.
The mehod
int[] getPixel(int x, int vy)
of ImagePlus retuns the pixel \due & (x,y) as a 4 @ment array.

All these methods should be useddu intend to modify just a fewigels. If you wanto modify large
parts of the image it is faster work with the pixel array.

4.5 Regions of Interest

A plugin filter does ot always hawe to work on the whole image. ImageJ supports regions of interest

(ROI) which rectangula, ovd, polygond, freeform or text sekctions of regbnsof the image.

The bounding retangk of thecurrent ROI can be etrievedfrom the ImagPiocessr using
java.awt.Rectangle getRoi()

This makes it possible to jusandle the pixels thalre insidethis rectangk. Itis alsopossible to set a
processors ROI:

void setRoi(int x, int y, int rwidth, int rheight)
This sas the ROI b the rectangle stating at(x ,y ) with specified width ad heidnt.

More mehods for working with ROIs can be found in ImagPlus. Reenber that aplugin filter's run
method reeives a ImagePraessr as agument, bu you @n acess thelmagePlus intbe setup
metod.

void setRoi(int x, int y, int width, int height)
Credes a ectangular seletion strting & (x,y) with specified widh and heidnt.
void setRoi(java.awt.Rectangle r)
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Creates a rectangular selection.
void setRoi(Roi roi)
Creates a settion bagd on the pecified ROI objet.
Roi getRoi()
Retuns a FOI objed representing the currat seletion.
The classesgpreseting the different types of ROIs can be bund inij. gui. The classes are:

FreehandROI
OvalROl
PolygonROI
ROI

TextROI

4.6 Creating New Images

In many cases it will make senthata plugn does nbmodify theoriginal image, bu creates new imag
tha contains tre modifications.

ImagePlus’ method
ImagePlus createlmagePlus()

returnsa new magePlus with his ImagePlus' #ributes, buto image. A simiér
function is povided by magéProcessor’s

ImageProcessor createProcessor(int width, int height)

which retuns a rew, blank processo with speciied widthand heght which can be
used to cratea nav ImagePlus using t castructor

ImagePlus(java.lang.String title, ImageProcessor ip)

The classNew I mage offers ®me useful statimethods for crating arew ImagePlus of acertan
type.
static ImagePlus createBytelmage(java.lang.String title,
int width, int height,
int slices, int fill)
Creates aew 8 bif graysca orcolor imagewith the specified tie, width and
height and nunber o slices.fill is one d the mnsents listed lelow that de-
termine how the imagg is initially filled.

static ImagePlus createFloatimage(java.lang.String title,
int width, int height,
int slices, int fill)

Credes anew 32 hi floating point image with the specified tile, width and height
and nunber of slices.fi || is oneof the mndants listed lelow that dgermine
how the mage isitially filled.
static ImagePlus createRGBImage(java.lang.String title,
int width, int height,
int slices, int fill)
Creates aewRGB image with the specifiedtlie, width andheight and nurber of
slices.fill is ore oftheconstants lised bebw that detemine how the image is
initiall y filled.
static ImagePlus createShortimage(java.lang.String title,

int width, int height,
int slices, int fill)
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Credes anew 16 hi grayscaleimage with the specified tile, width and heidht and
numker of slies. fi || is one ofthe constants listebelow that deermine hav
the image is irially filled.

These a& the possibleaues for thef i || argumentdefined inclass Newimage
FILL_BLACK
Fills the image wth black cobr.
FILL_WHITE
Fills the image wth white color
FILL_RAMP

Fills the image wh ahorizontal grayscal ramp.

There are tw mehods to copy pid values betveen different ImageProessors:
void copyBits(ImageProcessor ip, int xloc, int yloc, int mode)

Copies the image peeented byip to xloc, yloc using the specified blitting
mode.This is me ofthe following constants defned inthe interface Blitter:

ADD e destination = destation+source
AND oo, destination = degtation AND souce
AVERAGE ...ccoeveeeieriinnne destination = (destation+souce)/2
COPY ettt destination = source

COPY_INVERTED ......... destination = 255-source
COPY_TRANSPARENT..White pixelsare assum as transparent.

DIFFERENCE ..ccvvvenee destination = |destinatn-source|
DIVIDE wovveieireeireeens destination = destation/source

9 G destination = reximum(destinatin,ource)
MIN e destination = miimum(desination,urce)
MULTIPLY covverveeerereene destination = destation*souice

O] S destination = degtation OR souce
SUBTRACT.ccovvrerieiennne destination = degitation-souce

D (0] S destination = degtation XOR souce

void insert(ImageProcessor ip, int xloc, int yloc)

Inserts the imageontained inip at(xloc,yloc).

If you do not need a new ImagePlus for usemageJbuta Java AVT image you en retrieve it from the

image processarsing

java.awt.Image createlmage()
The same faction isprovided ly ImagePlus’
java.awt.Image getimage()

4.7 Displaying Images

Now that we @n modify images we need to krow how the changes can bemade visiblelmageJd uses a
class cattd ImageWidow to dispky ImagePlus imagg. ImagPlus contains evything that is necessary
for updding or shaving newly created images.

void draw()

Displays this image.
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void draw(int x, int y, int width, int height)
Draws image and the RGdutline using a cliping rectange.
void updateAndDraw()

Updateghis image from th@ixel datain its associated ImadProcessor, then dis-
plays it
void updateAndRepaintWindow()

Callsupdate AndDrawto updake from the pixel daa and draw he image, ath
also repaints the image whdowto forcethe information displged &ovethe imag
(dimenson, type, sizé to be pdated.

void show()
Opens a window to displahisimage and clas the status bar
void show(java.lang.String statusMessage)

Opens a window to disptdhis image and displaystatusMessag ein the
status br.

void hide()
Closes lie windbw, if any, that is displaing this image.

4.8 Colorinverter Plugin (Example)

With the knowledge ofthe prevous secthins we can wrie our firg own plugin. We will modify the
Inverter plugin e that it handles RGBmnages. It will invert the color®f the pixds of theoriginal image’s
ROI and display the result inneew window.

As merioned béore, we sart from the existing plugin Inverter_. First of all we modify thelass name.

import ij.*;
import ij.gui.*;
import ij.process.*;

import j.plugin.filter.PluglnFilter;
import java.awt.*;

public class Colorlnverter_ implements PluglinFilter {

Don't forget to renamethe fletoColorlnverter_.java otherwise you won't be able to compile
it.

We want to handle RGB files, we donot want to gpply it to stacks, we wnt to siypport non-rectamgular
ROIs and we beause we disg) theresults in anew image we do nohodify the original, so wehang
the capabilitieseturnedby the setup method @OES_RGB+SUPPORTS_MASKING+NO_CHANGES

public int setup(String arg, ImagePlus imp) {
if (arg.equals("about")) {
showAbout(); return DONE;

}
return DOES_RGB+SUPPORTS_MASKING+NO_CHANGES;
}

The run method will déhe actual wrk.
public void run(ImageProcessor ip) {
First we savéhe dimengdn and the ROI of theoriginal image to local vaibles.
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intw = ip.getWidth();
int h = ip.getHeight();
Rectangle roi ip.getRoi();

ImagePlus inverted

We want to have the result written to a new mage, so wecreatea nev RGB image é the sane size, wth
one slice and inidly black aml getthe new images praesso.
Newimage.createRGBImage ("Inverted image", w, h,
1, Newlmage.FILL_BLACK);
ImageProcessor inv_ip = inverted.getProcessor();
Then we copy the inage fom the orighal ImagePocessor to (0,Din the new inage, usingCOP Y blitting
mode (this modjust overwrites the pixels in thestmation processo). We then @t the pixel aray o the
new image (hich is of ourse idaticd to the old ane). It's a RGBimagesowe gt anint array.
inv_ip.copyBits(ip,0,0,Blitter.COPY);
int[] pixels = (int[]) inv_ip.getPixels();
We row go trough te bounding red¢angle of the ROI with two nesed loops.The oute one runs

through he lines in he ROI, the inne one through the columns ireach line. Theffse in theone
dimensimal array is the sart of the current line (= width ofthe imag@ x nunier of scanlines).
for (int i=roi.y; i<roi.y+troi.height; i++) {

int offset =i*w;

for (int j=roi.x; j<roi.x+roi.width; j++) {

In the inner loop @ cakulate the positin of the curent pixel n the one-dimersnal argy (we savetiin

a variablebecause waeed it twicg Wethen ge the valueof the curentpixel. Note that we an acces
the pixel array of thenew imageasit containsa cqy of the old me.

int pos =

offset+]j;
int ¢ = pixels[pos];
We extad the thre cobr components as desded above
int r = (c&0xff0000)>>16;
int g = (c&0x00ff00)>>8;
int b = (c&0x0000ff);

We invert eaclttomponent by sukdcting it's value from 255Thenwe pack the mofied color compo-
nerts into an integer again.

r=255-r;
g=255-9;

b=255-b;
pixels[pos] = ((r & Oxff) << 16) +
((g & O0xff) << 8) +
(b & 0xff);
}

}

We hae now done all necessamodifications to the pixel array. ®image $ still not visble, so ve call
show to open animageWindow thatdisplays it. Then we callpdate AndDrawto force thepixel array
to be red and the image tdoe updaed.

inverted.show();

inverted.updateAndDraw();
}
}
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4.9 Stacks

ImageJ suports expandabk arrays d imagescalledimage sacks, hat consistof images (slies) ofthe
same size. In a plugin filter you cancess the currdptopen sackby retrieving it from the current Im-
agePlus using

ImageStack getStack()
ImagePlus alsoffers a nethod for creating a rew stack:
ImageStack createEmptyStack()

Retuns an enpty image stackhathas he sane widh, heidht and olor table as
this image.

Alternatively you can @ate an ImagSack using one of thesemwdructors:
ImageStack(int width, int height)
Creates aew,empty image $ack wih ecified heidnt and width.
ImageStack(int width, int height, java.awt.image.ColorModel c¢cm)
Creates aew,empty image ack wih specified heidnt, width and cadr model.
To sd the newly ceated stack as the stackaofimage use
void setStack(java.lang.String title, ImageStack stack)
The nunber of slices ofa stack can be retrieved using thetmods
int getSize()
of class InageStack or
int getStackSize()
of class ImagePlus.
The curretly displayed slice of an IragePlus can be retrieved and set using
int getCurrentSlice()
void setSlice(int index)
A stack offers several methods fotrieving and setting itproperties:
int getHeight()
Retuns the heght of the dack.
int getwidth()
Returns the width of the stack.
java.lang.Object getPixels(int n)

Retuns the pix array for the speified slice,wheren is a number from 1 to the
number of slies. See atssedion 4.4.

void setPixels(java.lang.Object pixels, int n)

Assigns a pixehrray to the specified slice, wherés a number from 1 to the
number of slies. See atsse¢ion 4.4.

ImageProcessor getProcessor(int n)

Retuns an ImagProcessoror the pecified slice, where is anumber from 1 to
the number of slies. See also sion 4.3.

java.lang.String getSlicelLabel(int n)

Retuns the label of the spified slice, wheren is a numier from 1 b the nunber
of slices.
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void setSliceLabel(java.lang.String label, int n)
Sets the label dhe spedied slice, viheren is a numier from 1 b the nunber of
slices.

java.awt.Rectangle getRoi()

Retuns the boundingectangle of the sick’s ROI. For more information dROls
see seatin 4.5.

void setRoi(java.awt.Rectangle roi)
Sets the stack’s ROI to the specifiedtamagke. For moeinformation on ROlssee

section 4.5.
Slices can badded to and removed froffmel mage Stackusing these ethods:
void addSlice(java.lang.String sliceLabel, ImageProcessor ip)
Adds the imag represeted byi p to the endf the stack.
void addSlice(java.lang.String sliceLabel, ImageProcessor ip,
int n)

Adds the imag represeted byi p to the stack follwing slice 'n'.

void addSlice(java.lang.String slicelLabel,
java.lang.Object pixels)

Adds an imageepresented by itsigel array to the erd of the stak.
void deleteLastSlice()

Deletes the last slice in the stack.
void deleteSlice(int n)

Deletes the spiied slice, whee n is inthe range 1 .. nurber of slices.

4.10 StackAverage Plugln (Example)
This example shows how to handlacks. It @culates theaveage vales of pkels located at the san
position in ead slice ofthe sackand adds a slichowng the aveage values to the end of the stack.

First of all, we import the recessgy packages. Wevant to work on the currat stack so we need to im-
plementPluginFilter.

import ij.*;
import ij.plugin.filter.PluglinFilter;
import ij.process.*;
public class StackAverage_ implements PluglinFilter {
We define the stack as instance vdediecauseve will retrievetinsetup and useitirun.
protected ImageStack stack;

In this method we get the stackiin the current imagand return thplugin’s capabilities — in this cas
we indicate that ihandles 8bit gays@le images and requires a stk as iput.

public int setup(String arg, ImagePlus imp) {
stack=imp.getStack();
return DOES_8G+STACK_REQUIRED;
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In the run method we dexk ab y t e array that will hold the pixelsf the current slice. Then wetgwidth
and heigpt of the stack and callate the length of thgixel arrayof each slce as therodud of width and
height. sum is the array to hold the summed @ixalues.

public void run(ImageProcessor ip) {
byte[] pixels;
int dimension = stack.getWidth()*stack.getHeight();
int[] sum = new int[{dimension];
In the outr loop we iterate thioughthe slices othe stackand géthe pixel array from exch slice. In the

inner loop we @ throudh the pixd array of the curret slice and add the pévalue to the arresponding
pixel inthesum array.

for (int i=l;i<=stack.getSize();i++) {
pixels = (byte[]) stack.getPixels(i);
for (int j=0;j<dimension;j++) {
suml[j]+=0xff & pixels[j];

}

We hae now gonehrough the wole stack. The imagcontaning the averages witle a 8 Higraysca
image agai, sowe crate a yte array for it. Then we iteratethrough thepixels inthesum array and
divide eactof them through theumber of Bces to gepixel values irthe range 0..255.

byte[] average = new byte[dimension];
for (int j=0;j<dimension;j++) {

average[j] = (byte) ((sum[j]/stack.getSize()) & 0Oxff);
}

Finally we add a ne slice b the sick. It is @led “Average” andrepresented by the pixel array that an-
tains the avexgevalues.

stack.addSlice("Average",average);

4.11 Additional Reference

This rderence is though as a suplement to the cancepts presated in ths secton. It is nd complete — it
just covers wmat you will normallyneed for writhg plugns. Fora canplete reference se¢lee APl docu-
mentation and theosirce ode.

4.11.1 ImagePlus

ImagePus

void setWindow(ImageWindow win)
Sets tle windaw that dispbys the image.
ImageWindow getWindow()
Gets the widow that is used to display the ineag
void mouseMoved(int x, int y)
Displays the cursoraordinatesand pixel vale in the status bar.
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Multithreading

boolean lock()
Locks the image so that it canrmtacessed byrother tread.
boolean lockSilently()

Similar © lock, but does't beepand displayanerror messagif the dtempt to
lock the image fails.

void unlock()
Unlocks the inage.

Lookup Tablks

LookUpTable createlLut()
Credes a lookUpTable besed orthe image

Statistics
ij.process.ImageStatistics getStatistics()
Retuns an ImageStdistics object generated using tle staiard mesurenert op-
tions (aea, men, mode, minand nax).
ij.process.ImageStatistics getStatistics(int mOptions)
Retuns an ImageStdistics object generated using tle spetfied measurenert op-
tions.
ij.process.ImageStatistics getStatistics(intmOptions, int
nBins)
Retuns an ImageStdistics object generated using tle spetied measurenert op-
tions and hitogram bin count.
Calibration

void setCalibration(ij.measure.Calibration cal)
Sets this image's chliation.

void setGlobalCalibration(ij.measure.Calibration global)
Sets tle systerrwide dibration.

ij.measure.Calibration getCalibration()
Retuns this images calbration.

4.11.2 ImageProcessor

Geometric tandorms

void flipHorizontal()
Flips the image horizontally.
void flipVertical()
Flips the imagevertically.
void rotate(double angle)
Rotates the imgea n g | e degres clockwise.
void scale(double xScale, double yScale)
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Scales the imge by the specifieddtors.
ImageProcessor crop()

Crops the imag to the boundingectangt ofthe curreat ROI. Returns anew im-
age pocessor that qgresets the cropped image

ImageProcessor resize(int dstWidth, int dstHeight)

Resizeghe imag tothe specifed destiation size. Returnsa nev image processr
that represets the resized irage.

ImageProcessor rotateLeft()

Rotates the imge 90 degree®unterclodkwise.Retuns a rew image pocessor
that represets the rotted image

ImageProcessor rotateRight()

Rotates the imge 90 degreesadkwise. Returns nevimage processr that repre-
sents lhe rotated inage.

void setlnterpolate(boolean interpolate)

Settng inerpolatetrue @usesscale (), resize()androtate () to do bi-
linear nterpolation.

Filters

void convolve3x3(int[] kernel)

Convolves he image wih the pecified 3x3 cavolution metrix. The fllowing
methods ae basd onconvolve:

void sharpen()

Shapensthe image using a 3x3 awovolution kemel.
void smooth()

Rephces eah pixd with the 3x3 nejhborhad mean.
void filter(int type)

A 3x3 filter operation, the argumet definesthe filter type The bllowing methods
aebsedonfilter:

void dilate()

Dilates the imag using a 3x3 mimum filter.
void erode()

Erodes the image usirag3x3 maximum filter.
void findEdges()

Finds edges using a Sobel operator.
void medianFilter()

A 3x3 median filter.
void gamma(double value)

A gamma correction.
void invert()

Inverts an image.
void add(int value)

Adds the argumnt to ead pixe value.
void multiply(double value)
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void

void

void

void

void

Drawing

void

void

void

void

void

void

void

void

void

void

void

Multiplies eactpixel value wih the argument.
and(int value)

Binary AND of eadt pixel value wih theargumaet.
or(int value)

Binary OR of each pixd value wih the argumant.
xor(int value)

Binary exclusive ORof each pixel valte with the argurent.
log()

Calcuhtespixel valueson a logathmic scale.
noise(double range)

Adds random aise (andbm nurrbers within ran g e) to the image

setColor(java.awt.Color color)

Sets the foregrand cobr. This will setthe default fill/draw \dlue tothe pixel \due
that represets this wlor.

setValue(double value)

Sets tle default fill/draw @due.
setLineWidth(int width)

Sets tle line widh.
moveTo(int x, int y)

Sets tle curren drawing location to (X,y).
lineTo(int x2, int y2)

Draws a lne from the curert drawing location to (x2,y2).
drawPixel(int x, int y)

Sets the pixel ak(y ) to the curent drawingcolor.
drawDot(int xcenter, int ycenter)

Draws a dousing he curert line width ard color.
drawDot2(int x, int y)

Draws 2x2 dotn the curret color.
fill()

Fills the current rectangular R@ith the current drawingolor.
fill(int[] mask)

Fills pixels thatare wthin the currenROI and part othe mask (i.e. pixels that

have due 0 = black in the mask array).
drawString(java.lang.String s)

Draws a ging at the curert location with the curret color.

int getStringWidth(java.lang.String s)

Colors

Returns the width in pixels of the specified string.

int getBestlndex(java.awt.Color c¢)
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Returns the LUT index thet's the bestmatch for this cdor.
java.awt.image.ColorModel getColorModel()

Returns this processor’s color model.
void invertLut()

Inverts the @ues in the lookupable.

Minimum, Maximum and Threshold

double getMin()
Returns the smallest displayed pixel value.
double getMax()
Retuns the largst displayed pgt value.
void setMinAndMax(double min, double max)
Maps the pixels in this imadgeom min...max to 0...255.
void resetMinAndMax()
For stort end float images, reakculatesthe minand nax image values neded to
correctly displaythe imag.
void autoThreshold()
Calcubtes ato threshold of an image and aplies it.
double getMinThreshold()
Retuns the mihimum threshold.
double getMaxThreshold()
Returns the maximum threshold.

void setThreshold(double minThreshold, double maxThreshold, int lutUp-
date)

Sets the minimon and maximunthreshold levels.

Histograms

int[] getHistogram{()

Returns the hisgramof the imageThis method will return a lurmiosity histo-
gram br RGB images ad nu |l for floating point images

int getHistogramSize()

The size of the histogram is 256 fobi8and RGB images and max—min+1 for 16
bit integer images.

Snapbots (Undo)

void snapshot()
Saves the curre state othe processor as snapshot.
java.lang.Object getPixelsCopy()

Retuns a réerence tothis imagés snashot (undo) array, this is thepixel array be-
fore the last modification.

void reset()
Resés the pocessr to the state s&d in the snagot.
void reset(int[] mask)
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Resés the pocessr to the state sad in the snapsot, excludingpixels that are

patt of mask.

4.11.3 ImageStack

Accessig Images

java.lang.Object[] getimageArray()
Retuns the stzk as & array of ImagePlus olgds.

Color

boolean isHSB()
Retuns true ifthis is a 3-slicédSB stack.
boolean iSRGB()
Retuns true ifthis is a 3-slicdRGB stack.
java.awt.image.ColorModel getColorModel()
Returns this stack color mod!.
void setColorModel(java.awt.image.ColorModel cm)
Assigns a new color model this stack.
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5 ImageJ’s Utility Methods and Image Conversion

The ImagJ API containa class dled | J thatcontains some very usefsiatic methods. These utility
methods are also used in plugipenerated using “Plugif&tcord”.
Sectim 5.8 deals wit conversian from one image ypeto arother.

5.1 (Error) Messages
It is often necesary that a plugn displays a messagebe itan eror messag or anyother infomation. In
the fird ca® you will use
static void error(java.lang.String msg)
which displays anessagin a diabg box titled “Error”, in the £cad cag
static void showMessage(java.lang.String msg)

which displays anessage in a dialog boxldid “Message”. You can aspecifythe
title of the mesage Imx using

static void showMessage(java.lang.String title, java.lang.String msg)

All these mettods displg mesageshat theuser las toacept. If you want to let
the userchose whether toancel theplugin orto let it continue use

static boolean showMessageWithCancel(java.lang.String title,
java.lang.String msg)

This method reurns fale if the user clickd cancel, true othwise.
There are alssone preddined nessages:
static void nolmage()
Displays a “no imags areopen” diabg box.
static void outOfMemory(java.lang.String name)
Displays an “out ofnemory”message in the ImageJ window.
static boolean versionLessThan(java.lang.String version)

Displays an erromessage a@hreturns Hse if the InageJversion is less than the
one pecfiied.
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5.2 ImageJ Window, Status Bar and Progress Bar
The ImagJ man window casistsof the following canponents:

Eg_;,almag&l !EI Imenu
File Edit Image Process Analyze Plugins Window Help =
status B o|=loi==N A A agye || tool
79 plugin commands installed
Imaged 1.ldc - progress
text , J
< |_:

Displaying Text
To disphby a line oftext in the textpané (as “ImageJ 1.14c” ithe screenshot) use
static void write(java.lang.String s)

It is possibé to usehetext panel as a thle (e.g. br displaying satigics, measurenerts, et.). In that @se
ImageJ l&s you set he headingsof the wlumns using

static void setColumnHeadings(java.lang.String headings)
Note thatthis method clexrs the entire text panel.
You will oftenwant to displaysiumberswhich you can format for output using
static java.lang.String d2s(double n)

Convertsa nunber o a formatted strirg using tvwo digits tothe right of the deci-
mal point.

static java.lang.String d2s(double n, int precision)
Convertsa nunber © a omunded fomatted string.

Status Bar

Text can also e displyed inthe gatusbar dove he text panel using tie method
static void showStatus(java.lang.String s)
It can be useful to display thiene that wes needed foan operatn.
static void showTime(ImagePlus imp, long start, java.lang.String str)

will display the stmg argunent yai spedyy, followed by the tme ehpsed since thepscified start value
and the rae of processegixels pr seond.

Progress Bar

The progress of he currem operaiton canbevisualized using ImageJ’s progress bar.
static void showProgress(double progress)
updateshe postion of the progress lar to the speified value (n the range from 0.0 to 1.0).
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5.3 User input
Often user inpti(e.g. a @rameter) is required in a plugi ImageJ dfers two sinple mehods for hat pur-
pose.
static double getNumber(java.lang.String prompt, double defaultNumber)
Allows the user to entex nunber in a dialogbox.

static java.lang.String getString(java.lang.String prompt,
java.lang.String defaultString)

Allows the userd erter a strirg in a diabg box.

A way to build more sophisticated dialogs is prded in setion 6.2, accessg nouse and kgboard
events is discussed in section 6.7.

5.4 Calling Menu Commands

You can access all renu aommands from aplugin. There are tw different methods:
static void doCommand(java.lang.String command)
Starts ercutirg a menu command in a sepeatethread and retuns immedigely.
Executhg the command in a separ#tteesad means that the program witht wait

until the comnand is executed, it will imediately proceed. This h#se advantage
that the program is rot blocked whilethe command is running.

static void run(java.lang.String command)

Runs a menu commandftime current thrad, the program is will comtile after
thecommand has fiished.

5.5 Calling Other Plugins

Like menu ommands you ca al run dher plugins.

static java.lang.Object runPlugln(java.lang.String className,
java.lang.String arg)

Runs the plugin specified hig class name and tidlizes it with the pecified ar-
gument.

5.6 MessageTest Plugin (Example)

We will now look ata pluginthat uses some tifie uility methods presented ihis chapter. This time, we
do nd need an inage, & we inplemert theinterfaceP | u g I n. We al® have to import the pakagi| as
we ned theclasd J from there.

import ij.*;

import ij.plugin.Plugln;

public class Message_Test implements Plugln {
All we hawe to implement is the run méhod. We do rot need he argunent, so weignore it. Frst of dl we
display a stnig inthe staus barthat ifformsthe user tatthe plugin wes stated. The we sé the pragress
bar to 0% and show an error message.

public void run(String arg) {

[J.showStatus("Plugin Message Test started.");

[J.showProgress(0.0);
[J.error("l need user input!");

We want the usetto inputa stringand sethe progress br to 50% afer that Then we write a nessage
into the main windw saying that wevere going to start the sample plugirdAndBlue (this is oneof
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theplugins hat come with Imagedand displays nev image with a red/blue gadiert) and run te plugin.
Finally we set th@rogress bar t€00% and show a custom messhgg.

String name = IJ.getString("Please enter your name: ",
"I.J. User");

I[J.showProgress(0.5);

[J.write("Starting sample plugin RedAndBlue ... ");

[J.runPlugin("RedAndBlue_","");

[J.showProgress(1.0);
[J.showMessage("Finished.",name+", thank you for running this

plugin");

5.7 More utilities

Keyboard & Sound

static void beep()

Emits an audio keep.
static boolean altKeyDown()

Retuns true ifthe alt key is down.
static boolean spaceBarDown()

Retuns true ifthe pace ber is down.

Accessig GUI Elenents

static ImageJ getinstance()

Retuns a réerence tothe “Imagel” frame.
static java.applet.Applet getApplet()

Retuns the applet that createdthis Imagedorn u | | if running asan gplication.
static TextPanel getTextPanel()

Retuns a réerence to image)'s text panel.

Misc
static boolean isMacintosh()
Retuns true ifthis mechine is a Maintosh.
static void wait(int msecs)
Delaysm s e ¢ s milliseconds.
static java.lang.String freeMemory()
Retuns the amunt of feememory in KB as string.

5.8 Image Type Conversion

The classmageConverterinij.process provides anumber d mehods for imag type converson.
They @n be ether accesed diretty or by usingtheclassj.Converter as a onveniet interface.

An instarce ofthe wnveter can beconstruded using
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Converter(lmagePlus imp)
The only method of this class is
public void convert(java.lang.String item)

whetle item is a string pecifying the destinatin type.It can haveone ofthe \aues "8-bit","16-hit", "32-
bit", "8-bit Color", "R@B Color", "RGB Stack" and "HSB Stack".

Similarly, animage Converteringancecan becreated using
ImageConverter(ImagePlus imp)
The mehods for onvesion are:
public void convertToGray8()
Convertsthis ImagePlus 6 8-bit graysale
public void convertToGrayl16()
Convertsthis ImayePlus o 16-bit gayscée.
public void convertToGray32()
Convertsthis ImagePlus 6 32-bit gaysale.
public void convertToRGB()
Convertsthis ImagePlus 6 RGB.
public void convertToRGBStack()
ConvertsanRGB image to an RGB (red, grea andblue) sack.
public void convertToHSB()
ConvertsanRGB image to aHSB (hue satuation and brightness) sdck.
public void convertRGBStackToRGB()
Convertsa 2 or 3 slice 84bstack b RGB.
public void convertHSBToRGB()
Convertsa 3-slice lue, sauraion, brightnes$ 8-bit gack to RGB.
public void convertRGBtolndexedColor(int nColors)

ConvertsanRGB image to 8bits indexed olor. 'nColors' mustbe geaer than 1
and less than or equal to 256.

To scale to 0-255 when convertingostio byte or float tdbyte aml to 0-65535 when converting float to
short set scalingr u e using

public static void setDoScaling(boolean scaleConversions)
public static boolean getDoScaling()
returnstrue if scalng is erabled.
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6 Windows

By default, plugins work with lgePlus objects displayed in Ineéjndows. They can output informa
tion to the Image) window but they cannot control a window. Sanetimes his can be necessay, esgcilly
for getting user inpti

6.1 PluginFrame

A PluginFrame is a subclass of &WT frame that irplements theP I u g I n interface. Your plugi will be
implemented as a subclass of Phigame.

There is one comsuctor for a PluginfFame It receives thditle of the wndow as argunmé:
PluginFrame(java.lang.String title)

As this class is a plugin, the method
void run(java.lang.String arg)

declared irtheP lu g I n interface is impemented and en be owerwritten by your plugin’srun method

Of courseall methods declared ipava.awt. Frameandits superclasses cheoverwritten. For detils
consut the Jaa AWT API documatation.

6.2 GenericDialog

In section 5.3 we saw a very simphethod of geting user iput. If you need rore usermputthan just
one $ring or nuber, GeneridDialog helps you build a moda(that means hat the programs aly pro-
ceeds dér the usehas answerd the diabg) AWT dialog. The GenecDialog can be builton the fly and
you dont have o cae dou event handling.

There are tw constructors:
GenericDialog(java.lang.String title)
Credes anew GenericDialog with the speified title.
GenericDialog(java.lang.String title, java.awt.Frame parent)

Creates aew GeneridDialog using the specifiedtte and parent &me. The Im-
ageJ famecanbe trieved using J . getinstance ()

The dialog en be displged using
void showDialog()

Adding controls

GenericDaog offers seved methods for dding sandard ontrols to the diabg:
void addCheckbox(java.lang.String label, boolean defaultValue)
Adds a checkbox wh the specid label and defilt value.
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public void addCheckboxGroup(int rows, int columns,
java.lang.String[] labels,
boolean[] defaultValues)

Adds a group oflweckboxs using a grid laya with the sgecified numbe of rows
and colunns. Thearrays contairthe labés and the defilt valuesof the deck-
boxes.

void addChoice(java.lang.String label,
java.lang.String[] items,
java.lang.String defaultitem)

Adds a drop down ligipopupmenu) with the specified lbel, tems ad default
value.

void addMessage(java.lang.String text)
Adds a messag®usisting of one or nore lines ¢ text.
void addNumericField(java.lang.String label,
double defaultValue, int digits)
Adds a numeric field with the sped@t label default valueand nunbe of digits.
void addStringField(java.lang.String label,
java.lang.String defaultText)
Adds a 8 column text field with ¢hspecified labednd defaulvalue.
void addStringField(java.lang.String label,
java.lang.String defaultText, int columns)
Adds a text field with the specified ldbdefault valueand nunber of columns.
void addTextAreas(java.lang.String textl,
java.lang.String text2,
int rows, int columns)

Adds one or tw text aress (side by sidewith the specified iniil contentsand
number of rows and columns.téxt2 isnull, the second téxarea will notbe
displayed.

Getting Values Frm Controls

After the useihas cbsed the dialog widow, you @n acess the values dhe controls with the méhods
listed hee. Thee is onemettod for each type d control. If the diabg cantains more thanone cantrol of
the sme type, eachall of the method will return thealueof the next control ofhis type i the order

they were added to the dialog.

boolean getNextBoolean()
Returns the shte of the nextcheckbo.
java.lang.String getNextChoice()
Retuns the seleted item in the neddrop down lis{popyp menu).
int getNextChoicelndex()
Returns the indegf the selected itenim the nex drop down lig (popup menu).
double getNextNumber()
Retuns the contents dhe nex nuneric field.
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java.lang.String getNextString()
Retuns the contents dhe nex tex field.

java.lang.String getNextText()
Retuns the canterts ofthe nex text area.

The mehod
boolean wasCanceled()

returnstrue, if the user dsed the dialog usintye can@l button, and false, if the userdkied the OK
button.

If the diabg catains numeig fields, use
boolean invalidNumber()

to check ifthe values in the moeric fields are did numbers. This method returns true if at tesase
numert filed does ot contain a valid ninbe.

GenericDéog extends AWTDialog, so yu can use any nigod ofjava.awt.Dialog or oneof ist
superchsses. For ore information consultthe AWT documentation.

6.3 FrameDemo Plugin (Example)
This demo shows the usage of GenericDialog andiffugme. t displays a dialg that lets he user
specify the widthand height othe PlughFramethat will be displayed after clogj the diabg.

We importtheij andij.processpackage, thej. gui package where GeaericDidog is located and
theclasses PluginBme and AW Label.

import ij.*;

import ij.gui.*;

import ij.plugin.frame.PluglnFrame;
import java.awt.Label;

Our plugin is a subass of PluginFame which implementstheP lu g I n interface so we do't have to
implement an interfacehere.

public class FrameDemo_ extends PluginFrame {

We ovemrite the defaultonstrutor of the new chsslIf we wouldnt do thatthe superclass’ default con-
structorP lugInFrame ()would becalled, vhich does not extsSo we haveo call the superclass’ con-
structor and spegifa title for the new frara.

public FrameDemo_() {
super("FrameDemo");

}

In therun method we cratea GenericDiaog with the title “FrameDemo sdtings”. Therweadd two 3
digit numeric fields witha default @ue of 200.

public void run(String arg) {
GenericDialog gd = new GenericDialog("FrameDemo settings");
gd.addNumericField("Frame width:",200.0,3);
gd.addNumericField("Frame height:",200.0,3);

We show the dialog. As it is modal, theogram isstopped until the user cles the dialog. If the user
clicks “Cancel” we display aarror message and leatteer un method.

gd.showDialog();
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if (gd.wasCanceled()) {
IJ.error("Plugln canceled!");
return;

}

Here we getthe vdlues ofthe numert fields with two calls ofyetNextNumber () We set the size of the
Framéemo window to these vais and add a néered AWT Label with the text “PluginFrame demo”.
Finally we show the frame.

this.setSize((int) gd.getNextNumber(),(int) gd.getNextNumber());
this.add(new Label("PluginFrame demo",Label.CENTER));
this.show();

1

6.4 ImageWindow

An ImageWindow is a fame (deived franjava.awt.Framé that displaysan ImagePlusThe frame
contains an ImageCanvason which the image is panted and a e d informationtext on top. Each Im-
agePlus is assated withan ImageWndow, which is cresed when the image’'ss h o w () method is called
for the firsttime. Imagé&Vindows can alsobe aeated using onef the constructors:

ImageWindow(ImagePlus imp)
Credes anew ImageWndowthat antains he sgecified image.
ImageWindow(ImagePlus imp, ImageCanvas ic)

Creates aew ImageWindoveontains thespecified image wich will be panted on
the gecified canvas.

ImageJ raintains he list d open wndows usindhe WindowManager clasé/hen theconstrutor of
ImageWndow is called, the widow isadded to the listf open windows.

boolean close()

Closes the windw and removes it frorthe lig. This method will ask the user
whether the imagdisplayed in this windoshall be saved. If the user wants to
save tle image the method reurns fale. Oherwi it rdurns trueand tre image is
deleted.

boolean isClosed()
Retuns true if cbse) has alredy keen called, Hse dherwise.

The imag displayd in an ImagWindow andthe canvas a which the image is drawn an be acessed
using

ImageCanvas getCanvas()
ImagePlus getimagePlus()

ImageWndow provides nethods forthe cut, opy and pastea@nmand:
void copy(boolean cut)

Copies the cuant ROI (whid has tobe restangubr) to the clipboard. If the ar-
gumentc u t is true tle ROI is cutand rot copied.

void paste()

Pastes theantent of the clipboard intdhe curr@timage. Thecontentof the
clipboard maynot be &rger than theurrent image and must be the saypee.

Like an ImagePlus a ImageWindow hes a méhod
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void mouseMove(int x, int y)

This method displays the specified cooates and the p&valueof the image in
this window in the shtus lar of the Imaged winabw.

ImagePlus has alsouseful publidoolean variable calledinning, which is setal s e if the user cliks
in the windaw, presses esge or closes tie window. This can be used in a plugike shown i the fol-
lowing fragment to give the usapossibility to interrpt aplugin.

win.running = true;
while (win.running) {
Il do computation

}

6.5 ImageCanvas

Ead ImagWindow has an mageCanvas on \wich the imag is drawn. This is a subclass of
java.awt.Canvasand alsomplements a MouseLigener and a MousehtionListener (for more infor-
mation se the Jasa API docunentation, packagjava.awt.even). It can theréorebe useful ér event
handling, e.g. by subclassing it. Additionally it denused to get information on how the image is dis-
played an to modify this. Some usefuéthods of hageCanvaare listed here:

java.awt.Point getCursorlLoc()

Retuns the currat cursor location.
double getMagnification()

Retuns curreh magnification factor of the imagg.
java.awt.Rectangle getSrcRect()

The surrounding reangle oftheimage with current magrific ation.
int offScreenX(int x)

Convertsa screa x-coordinge to an offscreen x-coadinate.
int offScreenY(int y)

Convertsa screa y-coordinate t@anoffscreen y-coordnate.
int screenX(int x)

Convertsanoffscreen xcoordinate tca scren x-coodinate
int screenY(int y)

Convertsanoffscreeny-coordinate to a scen y-coordnate.
void setCursor(int x, int y)

Sets the cursdrased on the ctent tool and cursoptation.
void setimageUpdated()

ImagePlus.updaAndDraw callsthis mehod to get paint to updde the image
from the ImageRocessor.

void setMagnification(double magnification)
Sets newnagrification factor for image.

void zoomlIn(int x, int y)
Zooms in by making the wincow bigger.
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void zoomOut(int x, int y)
Zooms outby mekingsrc R e ct bigger.

6.6 Subclasses of ImageWindow

6.6.1 StackWindow

A StackWhdow is a fame for displying ImageStaks. It is derived form ImgaVindow and tes a hoi-
zontal saollbar b navigate within the stak.

void showSlice(int index)

Displays the specified slice @mpdates the atk scrdbar.
void updateSliceSelector()

Updateghe gack scollbar.

6.6.2 Histogram Window

HistogramWindow is a subclasslafageWindow designed to display histagns. Thee ae two con-
structors:

HistogramWindow(ImagePlus imp)
Displays a histogram (256 bingf) the sgcified imageThe wndow hadhe title

“Histogram®,
HistogramWindow(java.lang.String title, ImagePlus imp,
int bins)

Displays a histogram of the image, usihg specifd titleand nunber of bins.
void showHistogram(ImagePlus imp, int bins)

Displays the hisbgram of the image using he speified numbe of bins in he
HistogramWindow.

6.6.3 PlotWindow

This is a subclass of ImageWindow desigfaddisplying pbts ina (x,))-plane
PlotWindow(java.lang.String title,
java.lang.String xLabel, java.lang.String yLabel,
float[] xValues, float[] yValues)

Construds a nev plot window with specified ttle, labels fa x- andy- axisand
adds poits with ecfied (x,y)-coordinaes.

void addLabel(double x, double y, java.lang.String label)
Adds a new label with the spied text at positn (xy).

void addPoints(float[] x, float[] y, int shape)

void addPoints(double[] x, double[] y, int shape)

These mehods add poits with spesified (x,y) coordinaes b the plbt. The nunber
of points givenby the length of the aray. The argurant shape determeés the
shape ofa pint. Currently only circles ae supprted, whidh is spedied by passiig
the caorstant PlotWindow.CIRCLE.
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void setLimits(double xMin, double xMax,
double yMin, double yMax)
Sets tle limits d the plotting plane.

6.7 Event Handling (Example)

ImageWndow and Ima@eCanves are derived &mthe AWT classes Fameand Ginvas andherefore
suppot event handling. This is espcially usefulto get user iput viamouse ad keyboad everts.

Event handlingn Java AVT is based on interfaceslled listenersThere is a listener interface for each
type of evert. A class inplementing a listergr interface is abd to react on acettain type d event. The class
canbe added to a component’s listlisteners and will be ndied whenan eventhat itcan handle oc-
curs.

A plugin that hasto read on a ertain type of event can implemert the gpropriate interface It can acess
the window of the image it wvorks an and thecanvas @ which the image ispainted. Sot can be added as
a listerer to these omponents.

For exampk, we vant to write a plugh that reads an mouseclicks a the image it works a2,
The listener interfaces are dedid injava.awt.event sowe importhis packag.

import ij.*;

import ij.plugin.filter.PluglinFilter;
import ij.process.*;

import ij.gui.*;

import java.awt.event.*;

We hae to acess the inage and the canvasnmore than one miod, so we dealethem as insance
variables:

ImagePlus img;
ImageCanvas canvas;
The pluginhas b implementthe gpropiate Interface:
public class Mouse_Listener implements PlugIinFilter, MouselListener {

In the setup method we have acdesthe ImagePlus so we g&vin our instance variable. Waso set
the plugin’scapabilties.
public int setup(String arg, ImagePlus img) {
this.img = img;
return DOES_ALL+NO_CHANGES;
}

In the runmetha we getthe ImageWinlow that disdays the imag and thecanvas on with it is drawn.
We wart the pluginto be naified when the user clicks orthe @anvas so weadd the plugi to the @nvas’
MouseListeners.

public void run(lmageProcessor ip) {
ImageWindow win = img.getWindow();
canvas = win.getCanvas();
canvas.addMouselistener(this); }

2This exanple is the Mouse_Lister plugin byWayne Rasband avallle on the ImageJ plugins page.
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To implement the interface wehaveto implemert the five nethods it dedres. V& only want to reacton
clicks so we can lrethe others enpty. We gt the coordinate®f the point ofthe mouse atk from the
everi objed that is @ssed tahe mehod. The inage ould be scad in he window so ve use tkeo f f -
ScreenX()andoffScreenY () mehod of ImageCaras to leceive the truecoordinates.

public void mouseClicked(MouseEvent e) {
int x = e.getX();
inty = e.getY();
int offscreenX = canvas.offScreenX(x);
int offscreenY = canvas.offScreenY(y);
IJ.write("mousePressed: "+offscreenX+","+offscreenY);

}

public void mousePressed(MouseEvent e) {}

public void mouseReleased(MouseEvent e) {}

public void mouseEntered(MouseEvent e) {}

public void mouseExited(MouseEvent e) {}

A moreadvanced mouse listener (avoidassignng the listenerto the sane imagetwice) anda smilar
exanple that ractson keyboard eents carbe found at the ImagJ plugns pag.

Like mouse ad key listeersa plugincan implemant ary event listener, e.g. anouse notion lisener. For
adding a mousmoation listerer the following changesof the mouse list@er plugin ae neessay:

The class has to imgnent the event list@er interface:

public class Mouse_Listener implements PluglinFilter, Mouselistener,
MouseMotionListener {

In the setup rethod, we add theplugin as listner to the imaye anvas
canvas.addMouseMotionListener(this);
Of course we hayto implementhe methods defied in the nterface:
public void mouseDragged(MouseEvent e) {
[J.write("mouse dragged: "+e.getX()+","+e.getY());

public void mouseMoved(MouseEvent e) {
[J.write("mouse moved: "+e.getX()+","+e.getY());

}

For detils abaut listener interfaces, beir methods ad theevents pessed plese se¢he Java ANT docu-
mentation.
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7 Advanced Topics

7.1 Data Import/Export

7.1.1 Movies

Because ofts capability tchandle imag stacks ImagJ can be used to presemovies.rhport and export
from and b conmaon movie formats is possile.

QuickTime import and eyort plugins are @ailable on the ImageJ pluginpage. They arebased a Ap-
ple’s QuickTime for Java library. To use thge plughs, Quicklime for Jaa has tabe ingalled (which
should behe @seon MacOS 9.04 or higerand Mac OS X)On olde Macs ad under Windws Quick-
Time (anailablea http://www.apple.com/quicktime/downloa)hasto beinstlled peforming a
custom nstallaton and seleatig QuickTime for Jaawhich will installthe fileQ TJava.zip.

Under Window) TJava.ziphas to be included itne classpath- c | as s p athoption) of the JVM
used for running Imaay).

For AVI files, just a witer plugin is aailable. It des not require any further lisies. To ead an AVl file,
conwert it to QuickTime (e.g. using QuickTiePro)or to aTIFF sequencée.g. using IrfanView under
Windows.

For all movie plugas it is recommetted to increase the amawf avalable menory of the JVM used for
running Imagé.

7.2 Using the ImageJ Library outside ImageJ

The ImagJ classefm an imageprocessing lbraty which can be used in ther Java applicationsand
appletsand also server side in sktg or Java Seer Pages. The folling setion outlines the ge of the
ImageJ Ibrary in suchprojects.

7.2.1 Why use the Imaged library in your Java project?

Java 1.1Java 2 itrodueed mary improvenents amnceming imageprocessing wh Jva. But most

users still use browsers that ohigwe a Java 1.1 viual machine and onlgminority uses Sun’s Java
plugin. Jaa 2 supprt mayalso ke not available on less widespread platformisnageJ is based on Java
1.1 and theefore a god doice epecilly for appkts.

ImagePlus amternal image formaYou will probably need an inteal image represntation for-
mat for your application. It is caavenient to use InagePlus ad ImagePraesso for this pupose as a
lot of bast fundionality (readirg/writing pixel vaues, scalig, et.) is aleadyavaileble.

Plugins. If you decide & use ImagElus as your itemal image brmatyou @an al® use all plugis
from the ImageJ distbution as well as all ther Image plugins.

File I/ O. You can use lhe ImageJ fie input/output plugns for readingand wriing files ina variety
of formats.

Of coursethere ae sone othe useful Javdvased imgingtoolkits and libraries besides lageJThe Im-
agelinks page abttp://rsh.info.nih.gov/ij/links.hml lists someof them.

7.2.2 Applications and Applets

To use the Imagediiaty in your Jaa appliation, just import thenecessarymageJ packags (e.gim -
port ij.process.* inyour classeslo compileand run your goplication you heve o addi j . jar (if
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it's nat in the gplication diredory you also lave o specify the pah) to the claspath. In anapplication,
you could als use dynamic elss loadings it isimplemented in Imag) foracessing useplugins.

Using the ImageJ libery in anapplet is quite simér: include the impdrstatenent in your classesnd add
ij.jar tothe chsspath for compilinthe applet. The Java 1.1 setyrnodel requires all firaries used
by the gpletto belocaked onthe samehod and yu have o includei j . j a r in the archive lisbf the
applet.

Assume your appletsode is located imyapplet.jar the appttchssisMyApplet.class, it uses
the ImageJ brary and bah JAR filesare lo@ted in he sane diredory as he HTML file that enbeds he
applet.The appét tag inthe HTML page would look like

<APPLET CODE="MyApplet.class" ARCHIVE="myapplet.jar, ij.jar"
WIDTH="400" HEIGHT="400">
</APPLET>

7.2.3 Servlets and JSP

Web gplications oten require nodifying or gaerating images a the fly, e.g. stak charts. In Jaabasd
server side solutions the Imagealdity can be used for imagpiocessing vey easily When yu are using
servlets, just add éhapropriaeimport staemen for an ImageJpackageto your servlg and include
ij.jar intheclaspath. In JSPapplications, ImageJ @n ether be used “behind the curtain” insideaav
Beans (where you just importasin any other kind of Java class)directly in a JSPage using e.g.
<%@ page import="ij.process.*" %>
As display fornat youonly have the cloice between JEEG, GIFor PNG. The odput will not be witten
to a file but to the response streafithe sevlet/JSP. You could nodify ImageJ’s file encoders fahis
purpose or use e.g. Sun’s JPEG encobee.following servlet smple coce illustrates how to load a &l
(in any format that can be readby Image) and sad it as a JP& streamto the user’'s bowser. Thename
of the image will be specified as paramétes g e of a get request. A call dfie grviet could look like

http://www.myserver.com/servlet/Showlmage?image=/images/picture.tif

We assumenithis exanple thet the image l@aded is a RGBator image. Hee is the completecode (re-
quires Java 2):

First we inport the servlepackages, the AWimagesubpackage,the required ImagJ @ckages ad the
SunJPEG enoder:

import javax.servlet.*;
import javax.servlet.http.*;
import java.io.*;

import java.awt.image.*;

import ij.*;
import ij.io.*;
import ij.process.*;

import com.sun.image.codec.jpeg.*;

public class Showimage extends HttpServliet

We impemant the mehod for hendling aGET request, which gets theTHIP request and resporas
parameters. Firswe read theparangter contaning the image WRL form the requesand opa the ImagJ
using ImageJ'®pener. As we assumed to oparcdor image, ve can now geitsColorProcessoy
create aewBufferedlmageand store the imagefsxel array n it.

31maged en read PNG mages vien it is run under Jawa 2 virtual mechine.
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public void doGet (HttpServietRequest request,
HttpServietResponse response)
throws ServlietException, [OException

String inputURL=request.getParameter("image");
Opener opener = new Opener();
ImagePlus image = opener.openURL(inputURL);

ColorProcessor cp = (ColorProcessor) image.getProcessor();
int[] pixels = (int[]) cp.getPixels();
Bufferedimage bimg = new Bufferedimage(cp.getWidth(),
cp.getHeight(), Bufferedimage.TYPE_INT_RGB);
bimg.setRGB(0,0,cp.getWidth(),cp.getHeight(),
pixels,0,cp.getWidth());
As we wan to retun a JEEG image, ve set he appropriate MIME type ér the HTTP reponse. V¢ get
the rsponse’shinary output stream and open a JPECGenmderon it. To getbest quatly, we disdle sub-

sampling and set the JPEG quajigrameters tthe maximumFinally we ercode the image with the
specified paametersand clean ujpy flushirg and closing the ouput stream.

response.setContentType("image/jpeg");

OutputStream outstr = response.getOutputStream();
JPEGImageEncoder jie = JPEGCodec.createJPEGEncoder(outstr);

JPEGEncodeParam jep = jie.getDefaultJPEGEncodeParam(bimg);
jep.setQuality(1.0f,false);
jep.setHorizontalSubsampling(0,1);
jep.setHorizontalSubsampling(1,1);
jep.setHorizontalSubsampling(2,1);
jep.setVerticalSubsampling(0,1);
jep.setVerticalSubsampling(1,1);
jep.setVerticalSubsampling(2,1);
jie.encode(bimg,jep);
outstr.flush();

outstr.close();

}

A big advantage of JSP istte sgparation of implementation (which can be wapped into JavaBeang and
the page layout. A sample thai@wvs fow a JSPased imge processing syiem could look like can be
found athttp://www.fhs-hagenberg.ac.at/staff/burger/ImageJ/tutorialtconsists of
a JavaBeantha wraps he wiole ImageJ funtionality and also suports dyramic loading of usemplugins
(althouch plugins maynat require usemiput except for the argumat string).
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8 Troubleshooting

ImageJ runs out of memye.

This canbe solved by makinmore memory available to the Java Runtime Environmert. As virtud
memory is significantly slowdghan real RAMyou sould try not to assign me than 2/3 o your red
RAM to the Java viual mechine.

Windows:To increase he anourt of menory available to ImageJ,edit the -mx @tion in the "Target:"
field of the of the "Shortcuiropeties of the InageJ shortcut. The default is 80OMB. For exaepb
increase thavailable memory from 80BIto 340MB,change the "Target" line to
C:\ImagelJ\jre\bin\jrew.exe -mx340m -classpath ij.jar;toolsll.jar
ij.ImagelJ

MacOS:Java gplications allacate memory from the System heap so thas usually nmeed to increase
the value of "Prefarred Sizé in Imaged "Get Info" dialog. Stengely enoudh, allocating mae mamory
to ImageJ reduss the arount of memory availabke for loading images! It nay, however,be necessy
to allocatemore memory to Imagelo avoid erpr mesages wih plugins that use Quickime for Jva.
The Findels "Aboutthis Computer' window is a gad wayto monitor ImageJ's nemory usage.

Mac OS X: To make nore than 80MBof memory availdle o ImageJ, edithe gc.maxpropety in the
ImageJ.pp/Conterty Resarces/MRJIAp.properiestext file, where ImageJ.app is the diotory
(bundlg thatthe Finder dispys as e ImageJapplication

Linux, Unix, other C& You ca setthe amount of memory available for the Jaa runtime enviroment by
using the-mx switch followed bythe amount of memoryor example, to nk& 256MB available for
the JVM,call it using:
ljrelbin/jre -mx256m -cp ij.jar:tools.jar ij.ImagelJ
If you want to use his settng all he time, meke the modifiation in the run scrip.

A pluginis not diplayed in Imagels plugins menu.
This may have seval reasons:
The pluginsnane does ot contain an undersore.
The pluginmaynot be h the plugh directoly or oneof its subdiretories.
If you did not ompile the plugininside ImageJnake surehat thecompilation was successful and a
class file has been created.

When ya call the Plugins/Campile and Run ... menu, ygetthe message: “This JVM appears not to include the javac
compiler. [..]
If you are using Mc OS, yu need the MRJ SDK n addition to the MRJ (Macntosh Runtime for Jva).
Consult sectn 1.3.2 ér further eference.
If you experiencehis problem vinen using the Whidows a Linux distributon includinga Javacornpiler,
make sure
that the tools library tools11.jarif you are using JRE/JDK 1.flgols.jar if you are using Java
2 (JRE/JDK 1.2 ohigher)).
that you are usinghe right Javaenvironmert if you hawe more than one ingalled. Sgcify the peth to
the &va Virtual Madine you want to use exitly.

4 Theoperating sytem gecffic solutions decribed here can be found in detail &
http://rsb.info.nih.gov/ij/docs/install
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9 Frequently Asked Questions

How to change # URL for the ample imaygs (menu File / Opm Sanples) in orde to acceslocal copies of th files?

The URL is set using thenages.locationvalueinthe fiélJ_Props.txtwhichis located in
ij.jar.The URL mustnclude a trailing /.

You can editj.jar with aprogamthat reads ZIP files. Somof them €.g. WinZip) support editinga
file from the archive directlgndwill update the archive afterasingthe modified file. Otherwisetiis
necssary teextract | J _Props.txtfromtheardive and add it agai ater edting.

Exanple:
images.location=http://www.mymirror.com/ij/images/

How to include & pluginswhen running ImageJ & applet?

When running Imageds applet, the abs loadethatloads user plugins will notevk as theplugins folder
is not n the codebas. Add a packge satement sudvaspackage ij.plugins;to theplugin code
and insert the cupiled class intdj . jar (be surgo include it irto the right folder). To male the plugn
appear in the plugs menu add a line likelug-in08="Plugin",ij.plugin.Plwin_ tothe
plugins sectionimJ _Props.txtwhichis al® locatedinj.jar.

You can edit . jar with aprogamthat reads ZIP files. Somof them €.g. WirZip) support editinga
file from the archive directhandwill update the archive afteradingthe modified file. Otherwisetiis
neassary teextract 1J _Props.txtfromtheardive and add it agai ater edting.
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10 Further Resources

10.1 API Documentation, Source Code

The ImageJ API docurentation is availdle onine &
http://rsb.info.nih.gov/ij/docs/apilindex.htm.l

APl documatation and sourceodeare awailable for download &
http://rsb.info.nih.gov/ij/download.html

10.2 Plugins Page
Many ImageJ fugins (wth souce @de)areavaileble at

http://rsb.info.nih.gov/ij/plugins/index.html

10.3 ImageJ Mailing List

For questions concemg ImageJ tht are not answered lilye docunentaton consult the Imaag) mailing

list.

A complete ardive can be found atttp://list.nih.gov/archives/imagej.html
For information about subsching sehttp://rsb.info.nih.gov/ij/list.html

10.4 Java Resources

Online Resources

Java API docmertation and many tuirials areavailable from Sun Micreysems d
http://java.sun.com/under “Docs &Training”. Other online Jaarresouces are:

Exploring &va http://www.ooi.com/exploringjava/

Java Pogrammer's FAQ http://www.afu.com/

O'Reilly Jaa Center http://java.oreilly.com/
JavaWrld http://www.javaworld.com/
Dockhva http://www.DocJava.com/

Java Developers Journal http://www.sys-con.com/java/

JARS http://www.jars.com/jars_resources_java.html
A comprehensive ollection of Jva resurces (looks, tdorials, FAQs, tools) can be fod at

http://www.apl.jhu.edu/~halll/java

Books

Java ina Nutslal: A Desktop Quick Reference (&va Seris)
by David Flanagan
648 pages 3rd edition (November 1999)
O'Reilly & Associates
ISBN: 1565924878
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Java Eanmples in aNutstell
by David Flanagan
500 pages 2nd editiqiseptember 2000)
O'Reilly & Associates
ISBN: 0596000391
The first hird of this book is irteresting for saneone whowants D ge into Jaa progranming,
the other chapters ca& more advaced topcs.

The Sun Java Series
Detailed information can be found athttp://java.sun.com/docsbooks/
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